Background: Cardiac surgery for prosthetic valve endocarditis (PVE) is associated with substantial mortality. We aimed to analyze 30-day and 1-year outcome in patients undergoing surgery for PVE and sought to identify preoperative risk factors for mortality with special regard to perivalvular infection.
Background
Among patients undergoing valve operation for infective endocarditis (IE), surgery for prosthetic valve endocarditis (PVE) has been associated with distinct mortality rates in cardiothoracic surgery [1] [2] [3] . PVE accounts for 10-30% of all cases of IE and occurs in 1-6% of patients with valve prostheses [4] [5] [6] . Clinical presentation is often atypical and negative echocardiographic findings are more common, leading to lower sensitivity of the Duke criteria in patients with suspected PVE [7] . Hence, timely diagnosis of endocarditis is more difficult in presence of a prosthetic valve compared with a native valve [5, 8, 9] . One of the reasons, for the higher rate of negative echocardiographic findings in PVE is, that vegetations occur less frequent, whereas periannular extensions are more common, which are more difficult to detect in echocardiography [4, 5] .
Several factors have been associated with bad prognosis in PVE. Perivalvular infection is of a greater concern in PVE than NVE and occurs in 56-100% of PVE patients [1, 4, 10] . Previous studies suggested, that perivalvular infection worsens the prognosis, the perioperative mortality and the risk for reinfection or relapse of endocarditis [11, 12] . The extension of the infection beyond the valve annulus leads to technically more demanding operations, requiring radical debridement and reconstruction [10] .
Therefore, we aimed to compare 30-day and 1-year outcome after valve surgery for NVE and PVE. Our second objective was to identify potential preoperative risk factors for mortality with special regard to perivalvular infection.
Methods

Study design
We performed a retrospective single-center analysis. Relevant clinical data of all consecutive patients undergoing surgery for IE between January 2009 and July 2018 were extracted from our institutional database.
Definition of IE and indication for surgery
IE was defined according to the recent modified Duke Criteria [13] . Surgery for IE was indicated according to the recent ESC guidelines for the management of infective endocarditis [9] and performed as previously described [14] .
Data collection
Patients' demographics, predisposing risk factors and symptoms at the time of onset of IE, echocardiographic and microbiological findings, perioperative data and relevant clinical outcomes were recorded. IE relevant 30-day and 1-year outcomes were reported for hospital stay and at follow-up, respectively. Follow-up was obtained by review of hospital medical records and interview of the patient's physician. Median duration of the follow-up was 2.05 years [interquartile range (IQR) 0.04-4.69] with a completeness of 76.3%. The follow-up time for survival was measured from the date of operation to either the date of death or the date of the last contact with the patient. The study protocol was approved by the institutional review board (Ethics Committee of the Medical Faculty, University of Cologne, . Individual informed consent was waived due to the retrospective nature of the collected data.
Reporting mortality
30-day mortality (day 1-30) was reported as all-cause mortality within the first 30 days after surgery for IE, regardless of the patient's location (at home or health care facility). 1-year mortality was reported as all-cause mortality occurring between day 31 and 365 after initial surgery. Long-term mortality was defined as all-cause mortality after day 365 and Kaplan-Meier analysis was used to test for differences in long-term survival .
Statistical analysis
Patients' characteristics and pre-operative factors were described using mean values ± standard deviation (SD), median [(IQR)], or frequencies and percentages as indicated. Depending on data distribution group differences were compared using unpaired t-test, Mann-Whitney U test, Chi-squared test or Fisher's exact test as appropriate. Log-rank test was used to test for differences in long-term mortality between PVE and NVE. A 1:1 propensity score matching was performed to exclude potential confounders between groups with a 0.01 caliper width. This propensity score-based matching procedure resulted in a total number of 158 patients. Matching variables were the following preoperative characteristics that showed statistically significant differences or that were considered clinically significant based on previous research: age, sex, aortic/mitral valve IE, preoperative acute kidney injury (AKI) and Staphylococcus aureus as causative microorganism. Potential risk factors for 30day mortality (day 1-30) were assessed using logistic regression. We decided not to include EuroSCORE into the univariate analysis because EuroSCORE is per definition higher in patients with previous cardiac surgery. After univariate analysis all variables with a p-value less than 0.1 (female gender, age > 65 years, PVE, preoperative AKI, preoperative sepsis, perivalvular abscess, IE with Staphylococcus aureus) were entered into the multivariable model using a forward selection (likelihood ratio, p in = 0.05). Results are presented as odds ratio (OR) for 30-day mortality with corresponding 95% confidence interval (CI) and p-value. All reported p-values are twosided and considered statistically significant if ≤5%. Statistical analyses were performed using SPSS Statistics Version 25 (IBM Corp., Armonk, NY, USA).
Results
Preoperative characteristics and risk factors
Data of 418 patients undergoing surgery for infective endocarditis were retrospectively analyzed. 315 patients (75.4%) underwent surgery for NVE and 103 patients (24.6%) for PVE. Table 1 summarizes patients' demographics and preoperative characteristics. PVE patients in the unmatched cohort were significantly older (71.5 [62.0-76.6] vs. 62.7 [49.4-71.6]; p < 0.001), showed a higher proportion of female patients being affected (32.0% vs. 22.5%; p = 0.046) and were diagnosed with more preoperative AKI (67.0% vs. 54.9%; p = 0.031). In addition, the manifestation of IE differed between PVE and NVE patients ( Table 2 ). The involvement of the aortic valve was more common in the PVE cohort (78.6% vs. 52.7%, p < 0.001), whereas mitral valve involvement occurred more often in NVE patients (54.3% vs. 25.2%, p < 0.001). Echocardiography revealed vegetations in 82.2% of NVE and 70.9% of PVE patients (p = 0.017). Inversely, PVE patients were diagnosed with more perivalvular infection. Hence, perivalvular abscess was diagnosed in 60.2% of the PVE and 27.0% of the NVE group (p < 0.001). Concerning the underlying microorganisms, Coagulase-negative Staphylococci (CoNS) were detected more often in PVE (15.5% vs. 8.3%; p = 0.033), whereas Streptococcus spp were more prevalent in NVE (26.7% vs. 9.7%; p < 0.001). The proportion of Staphylococcus aureus IE was comparable and occurred in PVE with 18.4% and NVE with 23.5% (p = 0.285). Clinical symptoms were similar among both groups ( Table 2 ). Detailed findings regarding causative microorganisms are depicted in Fig. 1 .
After propensity matching there were no statistically significant differences regarding preoperative characteristics, clinical symptoms and manifestation of IE, except a higher rate of perivalvular infection (51.9% vs. 26.6%, p = 0.001) ( Tables 1 and 2 ). Due to the complexity of operation, CPB Table S1 ).
30-day and 1-year clinical outcomes
30-day and 1-year clinical outcomes are depicted in Table  3 . With regard to 30-day outcome, PVE was associated with a significantly higher 30-day mortality. After propensitymatching 30-day mortality was still 4-fold increased in PVE compared to NVE (20.3% vs. 5.1%; p = 0.004). Concerning the incidence of postoperative complications, matched cohorts were comparable except a longer time of ventilation In addition, 1-year mortality was significantly higher in PVE (29.1%) compared to NVE (13.9%, p = 0.020) in the matched cohort. Kaplan-Meier survival analysis revealed a significantly decreased long-term survival of patients undergoing surgery for PVE compared to NVE in the unmatched cohort (log-rank p = 0.019; Fig. 2a ). After propensity matching no significant difference with regard to long-term survival could be found (log-rank p = 0.174; Fig. 2b ). ; p = 0.001) ( Table 4 ).
Patients with perivalvular abscess
Patients with perivalvular abscess showed no statistically significant differences regarding preoperative characteristics except a higher rate of peripheral vascular disease (12.2% vs. 6.2%, p = 0.033). Regarding the manifestation of IE, we found no difference in the distribution of underlying causative microorganisms. But patients with perivalvular abscess were diagnosed more with IE of the Patients with perivalvular abscess showed an impaired perioperative outcome with a significantly higher 30-day mortality (17.7% vs. 8.0%; p = 0.003), a higher need for postoperative pacemaker implantation for higher AVgrade (15.5% vs. 7.3%; p = 0.007), an increased rate of postoperative cerebrovascular events (8.8% vs. 4.0%; p = 0.042) and postoperative AKI (45.6% vs. 33.1%; p = 0.012). However, perivalvular abscess seems not to influence 1-year mortality (20.9% vs. 22.3%; p = 806) and postoperative long-term complications, such as readmission to hospital, relapse of IE or AKI during the followup ( Table 5 ).
Discussion
Incidence of PVE
Although the incidence of PVE is relatively low, there is an increasing number of patients with PVE [15] . PVE occurs in 1-6% of patients with valve prostheses [4] [5] [6] and accounted for over 20% of all IE cases in a prospective, multicenter, international registry, reflecting a considerably higher proportion of PVE compared to earlier reports [4] . The proportion of PVE to NVE is comparable with our data, including 24.6% of PVE cases in our cohort of patients undergoing surgery for IE.
Postoperative outcome of patients undergoing surgery for PVE compared to NVE
Our retrospective analysis revealed PVE as independent risk factor for mortality. PVE patients of our cohort had a significantly higher 30-day mortality compared to NVE patients (21.4% vs. 8.3%; p < 0.001). These findings were also reported by Romano et al. who found a higher inhospital mortality in their PVE group, compared to their NVE group (24.2% vs. 6.6%, p < 0.0001) [2] . Even after propensity-matching, we still observed a 4-fold increased 30-day mortality in PVE compared to NVE.
Operation for PVE in comparison with NVE has been linked to worse outcomes and the 30-day mortality remains high. Our data demonstrate that the higher mortality of patients undergoing surgery PVE compared to NVE occurs in the early postoperative phase and up to one year postoperatively. Afterwards the Kaplan Meier curve shows parallel slopes, thus a similar long-term survival beyond the first year after surgery. This is in line with findings of Alonso-Valle et al., who found highest mortality rates during the first 3 months. After this period the survival of the patients remained stable [6] . Likewise, Manne et al. found a significantly higher 30day mortality (13% vs 5.6%, p < 0.01) in patients with PVE compared to NVE, but long-term survival was not significantly different (35% vs. 29%, p = 0.19) [16] , which is similar in our study. In addition, data of the Cleveland Clinic suggest, that early mortality is significantly higher in patients with PVE, whereas 1-year survival is comparable [16] . This is in line with the findings of Edlin et al., reporting on similar long-term survival in patients with PVE compared to NVE [15] .
Several factors have been associated with the increased mortality in PVE including increased age [17] , female sex [18] , congestive heart failure [19] , staphylococcal infection [4] and renal dysfunction [20] . In several other previous studies, periannular complications were also associated with significantly higher inhospital mortality [1, 4, 6, 18] . In line with this, our multivariate analysis revealed PVE, preoperative AKI, preoperative sepsis and perivalvular abscess as independent risk factors for mortality.
Perivalvular infection
In our cohort we could detect significantly more perivalvular abscesses in 60.2% of PVE compared to 27.0% of NVE patients (p < 0.001). This is in line with other studies reporting on periannular extensions in 56-100% of patients with PVE [10] . Due to frequent presence of perivalvular infection, surgery for PVE is technically more demanding than for NVE, as it requires radical debridement and complex surgical intervention [8, 10] . This is reflected in the longer CPB and crossclamp times in our PVE group, which might be a surrogate parameter for the complexity of procedure. In several previous studies, periannular complications were associated with significantly higher in-hospital mortality [1, 4, 6, 18, 21] . In accordance, we found a 30-day mortality rate of 17.7% in patients with perivalvular abscess, which was significantly higher compared to patients without perivalvular abscess (8.0%) (p = 0.003). Besides the higher 30-day mortality, patients with perivalvular abscess suffered from more postoperative complications, such as the need of postoperative pacemaker implantation, new postoperative cerebrovascular events and postoperative AKI. Our data suggest, that perivalvular abscess influences 30-day mortality and perioperative complications, but has no relevant impact on 1-year mortality or longterm complications in terms of readmission to hospital, relapse of IE or AKI during the follow-up. Therefore, we suppose that the difference in survival during the first year after surgery for PVE and NVE might be attributed to the higher prevalence of perivalvular abscess in PVE patients, which is associated with a higher rate of 30-day mortality and perioperative complications, but has no impact on 1-year mortality, readmission rate or relapse of IE.
Impaired timely diagnosis of PVE
Timely diagnosis of PVE can be difficult as clinical presentation is frequently atypical and results of blood cultures and echocardiography are more often negative, leading to lower sensitivity of the Duke criteria [7] [8] [9] . This is supported by our data, showing a significantly lower rate of vegetations in echocardiography for patients with PVE (70.9% vs. 82.2%; p = 0.017). Hence, we suggest that early detection and diagnosis of PVE is essential to prevent an increase of perivalvular destruction. Several studies have investigated the sensitivity and specificity of PET/CT or SPECT/CT imaging in patients with suspected IE [22, 23] . PET-CT increased the sensitivity and specificity of the modified Duke criteria from 70 to 95%, reducing the number of patients with "possible IE "from 56 to 32% [22, 23] . A combination of TTE, TEE and CT can increase the sensitivity for the detection of valvular and perivalvular complications in IE [11] . Therefore, early detection of perivalvular lesions by using CT imaging should be considered in suspected IE as implemented in the recent ESC guidelines for the management of IE [9] .
Distribution of causative microorganisms
Besides more perivalvular infection, the spectrum of microorganisms that cause PVE seems to differ from those detected in NVE. Several studies reported, that Staphylococci were more frequent in PVE, with a predominance of Staphylococcus aureus or CoNS [4, 24, 25] . Previous studies revealed, that IE due to Staphylococcus aureus is characterized by aggressive disease with increased risk of embolism, stroke and mortality [26] . However, the incidence of Staphylococcus aureus IE was comparable between PVE and NVE patients in our cohort. Nevertheless, we included infection with Staphylococcus aureus as matching variable in our propensity matching. Although we could not find a difference in the incidence of Staphylococcus aureus IE, patients with PVE were diagnosed more often with CoNS compared to NVE patients. As ubiquitous skin commensals, CoNS are often associated with health-care contact and invasive procedures [7] . They colonise indwelling lines and devices and are the most common isolate in early prosthetic valve endocarditis [6, 7, 25] . Staphylococci and gram-negative microorganisms have been suspected to occur as nosocomial perioperative infection during a period when the prosthetic valve is not completely endothelialized [5] . Therefore strict hygiene during health-care contact and invasive procedures in patients with prosthetic valves is essential.
Limitations
Our study has several limitations that need to be considered for the interpretation of the results. First, the retrospective design and analysis of a limited number of patients from a single center institution reduces the generalizability. In addition, a powerful multivariable analysis of all possible predictors was restricted by the total patient number. Moreover, although we attempted to correct for confounders between groups by propensity matching, there might still remain differences between groups. Finally, we included a very recent patients' cohort, therefore the 1-year follow-up is not completed in all patients. Nevertheless, despite the limited sample size, our study still comprises a relatively large IE cohort compared to the recent literature and provides meaningful results due to propensity matching.
Conclusions
Considering patients with similar risk profiles, our analysis revealed PVE as an independent risk factor for mortality. PVE was associated with significantly higher 30day and 1-year mortality compared to NVE. After propensity-matching 30-day mortality was still 4-fold increased in PVE compared to NVE. The higher incidence of perivalvular abscess seems to determine clinical outcome. Patients with perivalvular abscess showed a significantly higher 30-day mortality and perioperative complications, whereas perivalvular abscess seems to have no relevant impact on 1-year mortality, the rate of readmission or relapse of IE. We suggest, that the higher prevalence of perivalvular abscess in patients undergoing surgery for PVE might have an important impact on the impaired outcome during the first year after surgery for PVE. Therefore, early detection and diagnosis of patients with PVE is crucial and CT imaging should be evaluated in suspected PVE.
